Model applicability and references

1. Modelling and model applicability

The phenological development of oak processionary moth (OPM, Thaumetopoea processionea) on
Quercus robur is calculated and predicted for 7 days, based on hourly mean of air temperature, and
updated daily. For this, the following models are applied:

Phenological event Model Reference index
Q. robur bud swelling Halbig et al., unpublished 4
Q. robur leaf unfolding Menzel 1997 6
OPM L1 hatching Custers 2003 1
Meurisse et al. 2012 7
Wagenhoff et al. 2014 9
OPM from L1 feeding start to adult eclosion Halbig et al., unpublished 4

The models operate by accumulating air temperature above a certain threshold to the specific sum
of effective temperatures to compute the occurrence of the distinct development stages of Q. robur
buds and OPM. To predict Q. robur bud development and OPM L1 hatching, the number of chilling
days is additionally incorporated, which is negatively correlated with the sum of effective
temperatures. Air temperature data and their 7-day forecast are provided by DWD (German
Meteorological Service). Depending on weather forecast, the predicted date of the phenological
event can vary. The predictions of Q. robur leaf unfolding are supplemented with in situ observations
by DWD if available for the respective site.

Apart from giving L1 mortality during the starvation period (see below 3.), the early warning system
PHENTHAUproc does not aim at OPM population density assessment, but it exclusively describes and
predicts the phenological development of OPM and its host tree Q. robur. This serves to determine
the hazard period during the year as well as to support decisions on planning measures to protect
human/animal health and oak tree vitality.

Moreover, the area-based prototype of PHENTHAUproc does not show the actual OPM distribution
in Germany on the map, but OPM phenology in its potential range in Germany up to 800 m a.s.l.

2. Oak bud development and period of prophylactic agent application

OPM development on Q. petraea and other oak species can deviate from its development on
Q. robur. Classification of oak bud development is based on BBCH-code (Meier 2018). In
PHENTHAUproc, bud swelling (BBCH 01, Fig. 1) and leaf unfolding (BBCH 11, Fig.2) are shown.
Modelling was based on observation data of different Q. robur trees monitored over 10 successive
years. Actual in situ bud development of individual oak trees can vary locally up to three weeks.

The period of prophylactic application of plant protection agents and biocides, which require uptake
by feeding, starts with oak leaf unfolding (BBCH 11). Minimum leaf size of 2.5 cm diameter (Fig. 2)
and maximum whole-tree leaf unfolding of 60-70 % are the prerequisites for application (Delb et al.
2019).

Preventive biocide application ends with the completion of OPM L3 stage when the susceptibility of
the larvae to agents as Bacillus thuringiensis (B.t.) decreases, and the number of setae produced by
the larvae rises.
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Fig. 1: OPM L1 larvae on swollen Q. robur buds, BBCH 01 Fig. 2: OPM L1 larvae on unfolding Q. robur leaves, BBCH 11
(photo: Halbig) (photo: Halbig)

The agent application period in the graph is displayed as green bar and separately from OPM
development. As DWD in situ observations refer to single trees, deviations from the modelled start of
oak leaf unfolding may occur. The light green bar indicates an in situ observation before the
prediction (Fig. 3). The actual start of practical measure application stringently needs situational on-
site bud stage assessment of the trees which should be treated by experts, regarding the leaf
unfolding stage criteria mentioned above.

L3

L2 ‘

—

D I I I I G I I I I I T T T T T S S
4 0 ol o A S W LGN G S L L o' B B ¥ Al Al A 2, & & @
C SRS GG SR S S SRS G PN IR IR PO SR PSS I R S

March April May June July August
@dl1 @al2 =—Development stages Start of praphylactic agent application {ohserved by DWD*) ==Period of prophylactic agent application (modelled)

Fig. 3: Screenshot of PHENTHAUproc for Freiburg in 2020; red arrow: DWD in situ observation of Q. robur leaf unfolding
(BBCH 11) before the predicted start of leaf unfolding

3. L1 hatching and starvation tolerance

Three distinct models are used to determine L1 hatching (Custers 2003, Meurisse et al. 2012,
Wagenhoff et al. 2014). But only the earliest predicted date is displayed and subsequently used to set
L1 feeding start. The larvae usually hatch before oak bud swelling.

The starvation period (Fig. 4) until feeding start influences the survival of L1 larvae (Wagenhoff et al.
2013) as well as in situ population density and hazard potential. At higher air temperatures, the
starvation tolerance is lower due to enhanced energy consumption of the larvae. Therefore, the
thresholds for L1 mortality are based on temperature sum (Wagenhoff et al. 2013, Halbig et al.
unpublished) instead of time data. In consequence of individual-tree variability of oak bud
development as well as L1 hatching, local survival and further development of single OPM colonies
and concomitant health hazards cannot be excluded despite predictions of 100 % L1 mortality.
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Fig. 4: Starving OPM L1 larvae waiting for bud swelling on closed Q. robur buds,
BBCH 00 (photo: Halbig)

4. OPM development from L1 feeding start to adult eclosion

Starting with L1 feeding, the predicted development refers to the date when 50 % of the OPM
individuals at the respective site have reached the stage (Fig. 5). This corresponds to mean OPM
development speed (Halbig et al. unpublished). Due to the natural variability, two subsequent OPM
stages may be present at the same time. The variation of the predicted mean OPM development,
displayed by dashed lines, is based on the 95 % confidence interval.

The entire OPM adult flight period extends over approx. 2 months. The prediction gives the date
when 50 % of the moths (males and females) have eclosed. Mechanical measures as pupation tent
removal to reduce OPM population density are not effective anymore. Start and end of the adult
flight period are not shown.
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Fig. 5: Screenshot of PHENTHAUproc at Freiburg in 2020; dashed lines (arrows) describe the variability of mean OPM
development speed (95 % confidence interval)
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5. Further information

e Current information on OPM, supplied by FVA, Dept. of Forest Protection:

o https://www.fva-bw.de/publikationen/schriftreihen

o https://www.waldwissen.net

e Subscription to the OPM newsletter provided by FVA, Dept. of Forest Protection:
https://www.fva-bw.de/top-meta-navigation/fachabteilungen/waldschutz/newsletter-bestellung

Contact

Regarding OPM in southwest German forests and usage of the early warning system
PHENTHAUproc, contact FVA:

o www.fva-bw.de
o Waldschutz.FVA-BW [at] forst.bwl.de
o +4976140180
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